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                \begin{document}$$\lambda$$\end{document}$ Qi ([@CR14]), Lim ([@CR12]). See more about the eigenvalue problems of tensors in Chang et al. ([@CR1], [@CR3]), Qi ([@CR15]), Yang and Yang ([@CR17], [@CR18]), Ng et al. ([@CR13]), Zhou et al. ([@CR19]), Li et al. ([@CR10], [@CR9]), Hu and Huang ([@CR7]), Hu et al. ([@CR8]).

The following definition for irreducibility has been introduced in Chang et al. ([@CR4]) and Lim ([@CR12]).

**Definition 1** {#FPar1}
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**Theorem 1** {#FPar3}
-------------
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For the positively homogeneous operators, Song and Qi ([@CR16]) studied the relationship between the Gelfand formula and the spectral radius as well as the upper bound of the spectral radius. From Corollary  4.5 in Song and Qi ([@CR16]), we can get the following result:
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Li et al. obtained the following upper bound (see Theorem 3.5 of Li et al. [@CR11]):
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A real tensor of order *m* dimension *n* is called the unit tensor, if its entries are $\documentclass[12pt]{minimal}
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**Theorem 5** {#FPar7}
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Our goal in this paper is to show some tighter upper bounds for the largest Z-eigenvalue of a nonnegative tensor. In section "[Main results](#Sec2){ref-type="sec"}", some new upper bounds for the largest Z-eigenvalue are obtained, which are tighter than the results in Theorems 1--5 (Chang et al. [@CR2]; Song and Qi [@CR16]; He and Huang [@CR6]; Li et al. [@CR11]; He [@CR5]).

Main results {#Sec2}
============

In this section, we consider some new upper bounds for the largest Z-eigenvalue of a nonnegative tensor.
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Based on the lemma, we give our main results as follows.
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*Proof* {#FPar10}
-------
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*Remark 1* {#FPar11}
----------
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                \begin{document}$$\begin{aligned} \max \limits _{i\in N} \min \limits _{j\in N,j\ne i}\frac{1}{2}\left\{ a_{i\ldots i}+a_{j\ldots j}+r_i^j(\mathcal {A})+\Theta _{i,j}^{\frac{1}{2}}(\mathcal {A})\right\} \le \max \limits _{i,j\in N,j\ne i}\frac{1}{2}\left\{ a_{i\ldots i}+a_{j\ldots j}+r_i^j(\mathcal {A})+\Theta _{i,j}^{\frac{1}{2}}(\mathcal {A})\right\} . \end{aligned}$$\end{document}$$That is to say, the bound in Theorem 6 is always better than the result in Theorem 5.
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                \begin{document}$$\begin{aligned} \Delta _i= & {} \left\{ {(i_2 ,i_3 , \ldots ,i_m ):i_j = i \quad \text{for} \; \text{some}\ \ j \in \left\{ {2, \ldots ,m} \right\} } \right\} , \quad \text{where}\; i,i_2 , \ldots ,i_m \in N,\\ \overline{\Delta } _i= & {} \left\{ {(i_2 ,i_3 , \ldots ,i_m ):i_j \ne i \quad \text{for}\; \text{any}\ \ j \in \left\{ {2, \ldots ,m} \right\} } \right\} , \quad \text{where}\; i,i_2 , \ldots ,i_m \in N. \end{aligned}$$\end{document}$$And let$$\documentclass[12pt]{minimal}
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**Theorem 7** {#FPar12}
-------------
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*Proof* {#FPar13}
-------
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                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$s\ne t$$\end{document}$, then, we get$$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\begin{aligned} \rho (\mathcal {A}) \le \min \limits _{j\in N,j\ne t} \frac{1}{2}\left\{ a_{t\ldots t}+a_{j\ldots j}+r_t^{\overline{\Delta }_s}(\mathcal {A})+\Omega _{t,j}^{\frac{1}{2}}(\mathcal {A})\right\} . \end{aligned}$$\end{document}$$And this could be true for any $\documentclass[12pt]{minimal}
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*Remark 2* {#FPar14}
----------
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*Example 1* {#FPar15}
-----------

We now show the efficiency of the new upper bounds in Theorems 6 and 7 by the following example. Consider the tensor $\documentclass[12pt]{minimal}
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Conclusion {#Sec3}
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In this paper, we presented some bounds for the largest Z-eigenvalue of an irreducible weakly symmetric and nonnegative tensor. These bounds are always sharper than the bounds in Chang et al. ([@CR2]), Song and Qi ([@CR16]), He and Huang ([@CR6]), Li et al. ([@CR11]), He ([@CR5]).

Jun He, Yan-Min Liu, Hua Ke, Jun-Kang Tian and Xiang Li contributed equally to this work

All authors contributed equally to this work. All authors read and approved the final manuscript.

Acknowledgements {#FPar16}
================

This work was supported by the Doctoral Scientific Research Foundation of Zunyi Normal College (No. BS\[2015\]09); Science and technology Foundation of Guizhou province (Qian ke he Ji Chu \[2016\]1161). Liu is supported by National Natural Science Foundations of China (Grants nos. 71461027); Science and technology talent training object of Guizhou province outstanding youth (Qian ke he ren zi \[2015\]06); Guizhou province natural science foundation in China (Qian Jiao He KY \[2014\]295); 2013, 2014 and 2015 Zunyi 15851 talents elite project funding; Zhunyi innovative talent team(Zunyi KH(2015)38). Tian is supported by the Science and Technology fund Project of GZ (Qian ke he J Zi \[2015\]2147, Qian jiao he KY\[2015\]451). Ke is supported by the Science and Technology fund Project of GZ (Qian Ke He J Zi LKZS \[2012\]08). Li is supported by the Science and Technology fund Project of GZ (Qian Ke He LH\[2015\]7047).

Competing interests {#FPar17}
===================

The authors declare that they have no competing interests.
